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Metallothioneins (MTs) are cysteine-rich metal-binding proteins found in a wide variety of organisms 
including bacteria, fungi as well as all eukaryotic plant and animal species. MTs bind essential and non-
essential heavy metals. MTs production was evaluated by a simple spectrophotometry methodology. 
The study elucidated that the metallothionein concentration in Bacillus cereus treated with different 
concentrations of lead increased with increasing lead concentration. The protein samples from 
B.cereus treated with different concentrations of lead were isolated and electrophoresed on SDS-PAGE 
and 2-D gels. The study of gels revealed that a thick protein band appeared around 14.3KD in case of B. 

cereus treated with lead unlike the control samples. 
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INTRODUCTION 
 
Excessive heavy-metal accumulation and circulation in 
the biosphere are important environmental and health 
concerns, due to the toxicity both in essential (Cu, Cr, Zn, 
Mn, Fe, Ni and Mo) and xenobiotic metals (Cd, Pb and 
Hg) at increased levels of bioavailability (Nriagu and 
Pacyna, 1988). Heavy metals have an important role in 
different biochemical reactions and are poisonous for 
cells in high concentrations (Nies, 1999). Unlike organic 
contaminants which can be converted into non-toxic 
derivatives, metals are intrinsically persistent in nature 
(Valls et al., 2000). Organisms respond to heavy metal 
stress using different defense systems such as exclusion, 
compartmentalization, formation of complexes and 
synthesis of binding proteins like MTs and phytochelatins 
(PCs). General toxicity mechanism for metal ions has 
divided into three categories: (1) blocking the essential 
biological functional groups of biomolecules especially 
proteins and enzymes, (2) displacing the essential metal 
ion   in   biomolecules,   and   (3)   modifying   the   active  
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conformation of biomolecules resulting in the loss of    
specific activity. Microorganisms can affect heavy metal 
concentrations in the environment because they exhibit a 
strong ability for metal removal from solutions; this can be 
achieved either through enzymatic or non enzymatic 
mechanisms. Avoidance, restriction of metal entry into 
the cell, either by reduced uptake/active efflux or by the 
formation of complexes outside the cell and seques-
tration, reduction of free ions in the cytosol either by 
synthesis of legands to achieve intracellular chelation or 
by compartmentalization are the two major strategies of 
organisms to protect themselves against heavy metal 
toxicity. 

Conventional technologies such as chemical precipi-
tation, ion exchange or electrochemical process for 
removal of heavy metals are often neither effective nor 
economical, especially when used for the reduction of 
heavy metal ions to low concentrations (Wilde and 
Beneman, 1993). New separation methods are required 
to reduce heavy metal concentration to environmentally 
acceptable levels at affordable costs. Bio-removal has 
the potential to contribute to the achievement of this goal 
(Volesky, 1995). The uptake of metal occurs actively only 
within living cells through bioaccumulation or passively at 
the surface of both the living and the dead cells. This 
passive mechanism is  called  “biosorption”.  Filamentous  
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fungi, yeasts, bacteria and algae have proved to be good 
metal sorbents (Volesky, 1995). The removal of lead from 
contaminated wastewaters using bacteria (Pseudomonas 
sp., Chryseomonas luteola and Bacillus circulans) has 
been reported by several authors (Leung et al., 2000; 
Azza et al., 2009; khanafari et al., 2008), who attempted  
to investigate the ability of lead biosorption by lead 
resistant bacteria isolated from an industrial effluent. The 
interest in the interaction of heavy metals with micro-
organisms has increased. The study of these interactions 
has focused in particular on the selection of metal 
resistant microorganisms from polluted environments 
(Hiroki, 1992; Kunito et al., 1997) and the possibility of 
using these microbes for detoxifying polluted environment 
(Wang et al., 1997; Taniguchi et al., 2000; Joseph et al., 
2002).  

Tolerance and removal of toxic metal ions have been 
studied in bacteria (Silver and Phung, 2005; Deveci et al., 
2004; Yilmaz, 2003; Shakoori and Muneer, 2002; 
Cervantes et al., 2001; Ledin, 2000; Volesky and Holan, 
1995), cyanobacteria (Wang et al., 2005; Inthorn et al., 
1996), algae (Feng and Aldrich, 2004; Torricelli et al., 
2004; Davis et al., 2003; Rehman and Shakoori, 2001), 
fungi (Pas et al., 2004; Yan and Viraraghavan, 2003; 
Holen and Volesky, 1995). Eccles (1995) has opined that 
the microbiological detoxification of polluted water is 
economical, safe and sustainable. Lead is a ubiquitous 
toxic metal which have mutagenic, carcinogenic, geno-
toxic, anthropogenic and phytotoxic effects (Alvarez et 
al., 2003; Zelikoff et al., 1988; Saenko et al., 1988). Sani 
et al. (2001) studied the effects of specific medium 
components on Pb toxicity to Desulfovibrio desulfuricans 
and toxicity was measured in terms of longer lag times 
and slower growth rates as compared to Pb-free controls. 
Dai et al. (2004) described the toxic effects of metals on 
C and N mineralization and microbial biomass. 
Metallothionein is a family of cysteine-rich, low molecular 
weight (MW ranging from 3500 to 14000 Da) proteins 
which have the capacity to bind both physiological (such 
as zinc, copper, selenium) and xenobiotic (such as 
cadmium, lead, mercury, silver and arsenic) heavy metals 
through the thiol group of its cysteine residues, which 
represents nearly the 30% of its amino acidic residues 
(Sigel, 2009). An exhaustive review has been done on 
metallothionein by various workers (Thirumoorthy et al., 
2007; Mejare and Bulow, 2001; Hall, 2002; Silver and Ji, 
1994).  Although, the biological functions of MTs have not 
been fully elucidated, they are thought to play an 
important role in detoxification of toxic elements such as 
Cd

2+
 and Hg

2+
. MTs also display antioxidant function, and 

are involved in Zn
2+

 homeostasis. These proteins can 
also be induced by a wide range of factors, such as 
hormones, physical stress and parasitism. They are 
present in a vast range of taxonomic groups, ranging 
from prokaryotes, protozoa, plants, yeast, invertebrates 
and vertebrates Pazirandeh et al. (1998); Neus et al. 
(2001),   have  studied  the  potential  use  of  genetically-  
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engineered bacteria (expressing metallothionein) for 
water bioremediation. The objective of this research was 
to study metallothionein induction as a biomarker in the 
presence of a heavy metal (lead) by lead resistant 
bacteria B.cereus isolated from industrial effluent. 
 
 
MATERIALS AND METHODS 
 

Bacteria and maintenance 
 

The bacterial species (B. cereus) used in this work was isolated 
from industrial effluent samples collected from Vrishabhavathi River 
flowing near Peenya Industrial area, Bangalore, Karnataka, India. 
Forty bacterial strains were isolated from the selected industrial 
effluents, on the basis of their ability to uptake lead. All the bacterial 
strains were subjected to metal tolerance studies and it was found 
that one bacterial strain was able to tolerate high concentrations of 
lead. This bacterial strain was isolated, purified and identified as B. 
cereus at Bangalore Genei, Bangalore. B. Cereus was maintained 
on trypton glucose extract agar. 
 
 
Extraction and estimation of metallothionein 
 

Trypton glucose extract broth supplemented with six different metal 
concentrations (0, 100, 200, 300, 400 and 500 mg/l) of Pb (NO3)2 

was inoculated with 1ml of B.cereus culture and incubated on 
orbital shaker at 37°C for 48 h. After 48 h, all the six cultures were 
centrifuged at 10,000×g for 20 min and the pellets were dissolved in 
lysis buffer (0.5 M sucrose, 20 mM Tris-HCl buffer, pH 8.6, 
containing 0.01%  mercaptoethanol). The pellets were sonicated for 
a total of 2 min (4 times for 30 s each time with a gap of 30 s 
between successive sonications). The sonicated sample was 
centrifuged at 30,000×g for 20 min to obtain a supernatant 
containing metallothionein. 1.05 ml of cold (-20°C) absolute ethanol 
and 80 µl of chloroform were added per 1 ml of the resulting 
supernatant. The samples were centrifuged cold (at 0–4°C) at 
6000×g for 10 min and 3 volumes of cold ethanol was added to the 
resulting supernatant and stored at -20°C for 1 h. Samples were 
again centrifuged at 6000×g for 10 min. the resulting pellets were 
washed with ethanol: chloroform: homogenization buffer (87:1:12) 
and then centrifuged again at 6000×g for 10 min. The pellet was 
dried under a nitrogen gas stream to complete evaporation and the 
dried pellet was resuspended in 300 µl of 5 mM Tris-HCl, 1 mM 
Ethylenediaminetetraacetic acid (EDTA), pH 7. The resuspended 
MTs fraction was added to 4.2 ml of 0.43 mM 5, 5’-dithiobis 
(nitrobenzoic acid) in 0.2 M phosphate buffer, pH 8 and left at room 
temperature for 30 min. Then the concentration of reduced 
sulfhydryl was evaluated by reading the absorbance at 412 nm in a 
spectrophotometer. A standard curve with glutathione (GSH) was 
used as a standard reference for a correct quantification of MT in 
the samples. GSH contains one cysteine per molecule; thus, it is a 
standard for quantifying cysteines in protein analyses. Solutions 
containing different concentrations of GSH were prepared and their 
absorbance was measured at 412 nm. The amounts of 
metallothionein in the samples were estimated using the GSH 
standard, assuming that 1 mol of MT contains 20 mol of cysteine. 
For example, from this standard curve, if they find an absorbance of 
2.5 in a sample, the x value is 0.44 (from the curve equation x= (2.5 
- 0.0524)/5.5553). Then the MT content will be 0.44/20= 0.022 
µmol. (Ana and Garcia-Vazquez, 2006) 
 
 
Protein isolation and analysis 
 

In order to quantify  the  protein  concentration  and  to  qualitatively 
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Table 1. The amounts of metallothionein in the samples 
estimated using the GSH standard. 
 

Sample Absorbance 
(412 nm) 

x value [x= 
(Absorbance - 

0.0524)/5.5553)] 

Control 0.00 - 

100 mg/l 0.11 ± 0.07 0.007 

200 mg/l 0.16 ± 0.02 0.016 

300 mg/l 0.33 ± 0.04 0.047 

400 mg/l 0.47 ± 0.02 0.072 

500 mg/l 0.76 ± 0.06 0.125 

 
 
 

Table 2. Metallothionein content in Bacillus cereus treated with 
different concentrations of lead. 
 

Sample MT Content (µ mol) [x value / 20] 

100 mg/l 35×10
-5

 

200 mg/l 8×10
-5

 

300 mg/l 24×10
-4

 

400 mg/l 36×10
-4

 

500 mg/l 63×10
-4

 

 
 
 
detect the expression, if any, of metal binding proteins, the following 
experiments were carried out. The selected isolate was grown in 
the medium amended with lead (100, 200, 300, 400 and 500 mg/l) 
with suitable control with no metal solutions added to the medium. 3 
ml of the broth culture was removed from each flask and 
centrifuged at 10,000 rpm at 4°C for 5 to 10 min. The supernatant 
was discarded and 1 ml lysis buffer was added to the pellet. The 
pellet was sonicated for a total of 2 min (4 times for 30 s each time 
with a gap of 30 s between successive sonications). The sonicated 
sample was centrifuged at 5000 rpm at 4°C for 2 min. Two hundred 
microlitres of this supernatant was incubated with 1600 microlitres 
of acetone (always stored at -20°C) for 30 min at 4°C. The 
precipitated protein was dried under the clean bench for nearly 20 
min. Five hundred microlitres of phosphate buffer solution (PBS) 
was added to this precipitated protein in order to form solution. 
Equal amount of protein samples were loaded and 12% SDS- 
PAGE was run using 14.3-97.4 KDa protein marker. The gels were 
stained overnight in Coomassie Brilliant Blue R-250, fixed in 10% 
acetic acid and destained in distilled water prior to scanning for 
documentation. 2 D gel electrophoresis was carried out for sample 
treated with 500 mg/l lead at Bangalore genei, Bangalore. 
 
 
RESULTS 
 
Estimation of metallothionein induction by lead on B. 

cereus 

 
In order to estimate the amount of MT, the standard curve 
with GSH was used as a standard reference for a correct 
quantification of MT in the samples. GSH contains one 
cysteine per molecule; thus, it is a standard for 
quantifying cysteines in protein analyses. The amounts of  

 
 
 
 
MTs in the samples were estimated using the GSH 
standard (Table 1) the estimation of MT concentrations in 
B. cereus is given in Table 2. The MT concentration in the 
control was zero whereas MT concentration in lead-
supplemented samples (100, 200, 300, 400 and 500 
mg/l) were 35×10

-5
, 8×10

-5
, 24×10

-4
, 36×10

-4
and 63×10

-4
, 

respectively. A sympathetic relationship could be 
established between the concentration of Lead in the 
samples and their MT content. Overall, the MT concen-
trations in B. cereus were affected by lead supple-
mentation. 
 
 
Protein analysis 
 
Figure 1 displays SDS-PAGE protein profile of B. cereus 
showing its response to different concentrations of lead 
(100, 200, 300, 400 and 500 mg/l). Interesting results 
were obtained based on the protein analysis of B. cereus. 
SDS-PAGE of B. cereus (control and lead supplemented 
samples) produced Coomassie blue staining protein 
patterns containing many distinct bands (Figure 1). The 
components ranged in molecular weight ranging from 
14.3-97.4 KDa in 12% homogeneous separating gel. 
Significantly, one distinct band of low molecular weight 
protein (between 20.1 KDa and 14 KDa shown in arrow) 
was seen in lead supplemented samples but not in 
control sample. Figure 2 depicts the two dimensional gel 
electrophoresis of control and lead (500 mg/l) supple-
mented sample that was carried out to confirm the low 
molecular weight protein observed in SDS-PAGE. The 
presence of some over expressed distinct protein spots 
below 14.3 KDa (shown in arrow) in case of lead treated 
sample compared to control sample was confirmed as 
shown in the figure. 
 
 
DISCUSSION 
 
Environmental pollution due to discharge of untreated 
industrial effluents into water bodies has become a major 
concern in the developing countries today. Specially, the 
presence of toxic heavy metals contaminated in aqueous 
streams, arising from the discharge of untreated metal 
containing industrial effluents into water bodies, is viewed 
as one of the most important environmental issues. 
Although, investigations on effective remediation techno-
logies have been carried out for many years, successful 
applications are limited (Volesky and Holan, 1995; Bailey 
et al., 1999). It is observed that the conventional tech-
nologies such as chemical precipitation, ion exchange or 
electrochemical process for removal of heavy metals are 
often neither effective nor economical, especially when 
used for the reduction of heavy metal ions to low 
concentrations (Wilde and Beneman, 1993). In order to 
overcome the ineffectiveness of the conventional 
technologies, new  separation  methods are required  that 
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Figure 1. SDS-PAGE protein profile of Bacillus cereus showing its response to lead.  From left to right; lane 1: 14.3-
94.7 kD marker, lane 2: control, lane 3: 100 mg/l Pb, lane 4: 200 mg/l Pb, lane 5: 300 mg/l Pb, lane 6: 400 mg/l Pb 
and lane 7: 500 mg/l Pb. Arrows indicate MT. 

 
 
 

reduce heavy metal concentration to environmentally 
acceptable levels at affordable costs. One of such 
method is bioremediation. Bio-removal has the potential 
to contribute to the achievement of this goal (Volesky, 
1995). In recent years, the biosorption process has been 
studied extensively using microbial biomass as 
biosorbents for heavy metal removal. The metal removal 
abilities of various species of bacteria, algae, fungi and 
yeasts were investigated (Chen and Yiacoumi, 1997; 
Guibal et al., 1992; Veglio and Beolchini, 1997; Veglio et 
al., 1998; Utigikar et al., 2000; Gadd, 1992; Landgrave, 
1995). Biosorption of heavy metals by microbial cells has 
been recognized as a potential, cost effective alternative 
to existing techno-logies for recovery of heavy metals 
from industrial waste streams (Gopal et al., 2002). Many 
aquatic micro-organisms, such as bacteria, yeast and 
algae can take up dissolved metals from their surroun-
dings onto their bodies and can be used for removing 
heavy metal ions successfully (Asku et al., 1991). 

One emerging strategy that is receiving more attention 
is the use of metalbinding peptides. Naturally occurring 
metal-binding peptides, such as MTs and polychelatins 
(Winklemann and Winge, 1994), are the main metal-
sequestering molecules used by cells to immobilise metal 
ions, offering selective, high affinity binding sites. Over 

expression of metal-binding proteins such as MTs in 
bacterial and yeast cells resulted in enhanced metal 
accumulation and thus offer promising strategy for the 
development of microbe-based biosorbents (Strouhal et 
al., 2003; Pazirandeh et al., 1995; Romeyer et al., 1990) 
for the removal and recovery of metals from con-
taminated water or soil. MTs have been found throughout 
the animal kingdom, in higher plants, in eukaryotic 
microorganisms, and in many prokaryotes. MTs have 
been divided into three classes. Based on their structural 
similarities: class I, II and III with multiple isoforms within 
each class. MT-I and MT-II are ubiquitously expressed 
and are stress inducible (Thirumoorthy et al., 2007).The 
amino acid sequences of MTs from many mammalian 
sources reveal that all contain approximately 61 amino 
acids of remarkably similar composition. More important, 
all contain 20 cysteine residues that remain invariant 
along the amino acid sequence. All cysteines are known 
to participate in the coordination of 7 mol of Cd or zinc 
(Zn) per mol of MT (5). Coordination of these cysteine 
residues results in a high binding affinity for Zn (10

-
18) 

and Cd (10
-
22) (Curtis et al., 1999). It is established from 

the current studies that there is a significant increase of 
MT biosynthesis in B. cereus after exposure to lead (100, 
200,  300,  400  and  500  mg/l).  It  is  significant  to  note 
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Figure 2. Two dimensional gel electrophoresis of Bacillus cereus protein (arrows indicate MT).   

 
 
 

that though there exists a concomitant relationship 
between the concentration of lead in the samples and 
their MT content, a low MT content in the sample treated 
with 200 mg/l Pb is quite intriguing.  

This could prove either the intake of Pb by B. cereus at  

such a concentration is minimum or the Pb intake might 
also depend on other parameters such as pH and 
temperature conditions (which needs further studies to 
establish). The present study have further revealed that 
the  MT  production was  induced in presence of lead and 



 
 
 
 
hence it could be recommended as a biomarker in 
exposing lead. 

Ryan and Hightower (1994) have postulated that all 
organisms from microbes to humans respond to chemical 
and physical stresses by increasing the synthesis of 
small group of stress proteins. One of the strategies of 
microbes against stress is retention or introduction of 
certain proteins, although, inhibition of proteins was also 
observed. In the present study, more protein bands were 
seen in lead treated samples as compared to control 
(Figure 1). However, it was observed that the protein 
bands were present in lead treated as well as in control. 
Shakoori et al. (2001) reported that the introduction of 
several new bands in the yeast isolates growing in M9-
medium containing endosulfan shows extensive induction 
of several genes which are probably necessary for 
degradation of insecticide as well as adaptation of 
stressful conditions. MT constitute a class of low 
molecular weight, cystein rich metal binding proteins 
which are biosynthetically regulated at the level of gene 
transcription in response to heavy metal, hormones, 
cytokines, physiological and environmental stress (Zhou 
and Thiele,1993; Tamai et al., 1994; Radtke et al., 1995; 
Liu and Thiele, 1996). SDS-PAGE pattern showed that in 
the case of treated sample some protein bands were over 
expressed compared to control.  

It implicates the role of those protein bands in 
detoxification of metal stress. The SDS–PAGE analysis 
data implicated the induction or suppression of certain 
proteins. The expanding field of biotechnology helped to 
strengthen the idea that microbial enzymes could be 
used to control the fate of heavy metals in the 
environment. These isolates may be helpful in enzymatic 
bioremediation of polluted sites. They may provide a 
good source of xenobiotic degrading enzymes. The 
optimum growth conditions (pH and temperature) and 
growth curves provided base line data for bulk production 
of isolates and their use in bioremediation processes. 
Locally, isolated strains are beneficial in two ways. First, 
the local strains are better adapted to the environmental 
conditions, which have been prevalent for very long 
period. Secondly, the variation in genes and genetic 
elements acquired in response to certain selection 
pressures or due to spontaneous mutations enhance the 
survival values of microorganisms and provide oppor-
tunity for efficient exploitation in environmental cleanup 
operations. Microbes and the environment constantly 
interact with each other constitute a very ingenious 
system of evolving each other. Microbes are now at the 
forefront of the campaign against environment pollution 
due to their catabolic pathways. The properties of the 
bacterial strains confirmed their place as strong 
candidates for biosorption of lead. Moreover, these 
isolates could efficiently work in a microbe based reactor. 
They provide a base line data for future studies in this 
field. These bacterial strains can be further investigated 
for identification of particular gene and  enzymes  respon-  
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sible for bioremediation of lead.   
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